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SPECIFICATION 

Title of the Invention: METHOD FOR MANUFACTURING MUSCLE LIKE 
FIBROUS FOOD 

Claims 

1. A method for manufacturing muscle-like fibrous food comprising the steps 
of adding common salt to a aquatic or livestock animal meat, grinding the 
meat into a paste, extruding the paste through nozzles having a small 
aperture as fibers which are then allowed to faU into an aqueous solution of 
a protein denaturing agent, rinsing the fibers with water as needed, 
gathering the fibers, and heating the gathered fibers to bind them to each 
other, thereby obtaining a meat lump having a fibrous texture, 

2. A method as described in Claim 1 wherein the protein denaturing agent is 
one chosen from tannins. 

3. A method as described in Claim 1 wherein the protein denaturing agent is 
nicotinic acid. 

4. A method as described in Claim 1 wherein the protein denaturing agent is 
ethyl alcohol. 
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Detailed Description of the Invention 

The present invention relates to a method for manufacturing novel 
muscle-like fibrous food. The "muscle-like fibrous food" of the present 
invention is obtained by reconstituting animal meat, has a block-like shape 
which appears to be composed of fiber bundles in which fibers are arranged 
uniformly in one direction, or in which fibers arranged in a disordered 
fashion in multiple directions are gathered together, and has a texture which, 
when bitten, has the same fibrous texture and resistance to bite as one 
would have if one bites the muscle fibers of animal meat. The food is 
essentially equivalent to the muscle fibers of animal meat in all aspects. 

Recently, methods have been developed for molding various edible 
proteins into fibers and processing the fibers into fibrous food, and have 
been put into practice. The resulting fibrous food may be cooked as it is to 
be eaten, or used as a material for other processed food. For example, the 
fibers separated from each other may be mixed and bound with other food 
materials, to be reorganized into fibrous meat lump having a novel 
taste/flavor. 

When plant proteins such as soybean protein are used as edible 
protein in the production of fibrous food, a known method consists of 
treating a protein-rich plant material with an alkali and then with an acid 
to produce a protein mass, molding the protein mass into fibers, and binding 
the fibers with a binding agent such as casein, thereby obtaining a fibrous 
meat-like lump. Some products manufactured by this method have been 
marketed. However, they are still unsatisfactory in flavor, texture, cost, etc.. 
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to a greater or lesser degree, and require further improvement. For animal 
meat-derived proteins, various methods have been developed for molding 
them into fibers as well. However, all of them have encountered serious 
problems- some offered products significantly low in quality and others are 
defective in terms of productivity. There have been no methods heretofore 
for effectively molding animal proteins into fibers and binding them together 
to produce fibrous food, much less a method whereby one can provide 
marketable fibrous food. 

Recently, crab -meat-like processed food or so-called crab-meat rods 
obtained by hardening a fish paste by heating, processing the hardened 
meat mass into threads, and gathering the threads into bundles, has been 
marketed. Specifically, the manufacture of this food consists of processing a 
fish meat paste into a large solid plate, and cutting the meat plate into 
slender noodle-like threads. In contrast with processed food based on fiber 
molding, this processed food consists of threads which are comparatively 
thick, and does not provide a delicate fibrous texture when bitten as one 
would have if one bites crab leg meat, but rather is resistant to bite as one 
would have if one bites boUed fish meat paste. Moreover, binding of the 
noodle-like threads is so weak that the threads tend to separate from each 
other. Thus, this processed food, although it consists of muscle-like fibers, 
has a texture significantly different from that of crab leg meat. 

In view of this, the object of the present invention is to provide a 
method for manufacturing muscle-like fibrous food comprising taking 
proteins derived from the meat of aquatic animals or from livestock meat as 
a material, efficiently molding the meat into slender fibers, gathering the 
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fibers, and binding them together without using a binding agent while 
maintaining the fibrous form of individual fibers, thereby providing muscle- 
like fibrous food which is excellent as food, being as good in quality as the 
muscle of the original animal meat. It was found as a result of experiments 
and research performed by the inventors that this object can be achieved by 
providing a method comprising adding salt to the meat of aquatic animals or 
hvestock, grinding the meat into a paste, extruding the paste through 
nozzles having a small aperture as fibers which are then allowed to fall into 
an aqueous solution of a protein denaturing agent, rinsing the fibers with 
water as needed, gathering the fibers, and heating the gathered fibers to 
bind them to each other, thereby obtaining a meat mass having a fibrous 
texture. 

To describe the present invention more specifically, the materials to be 
used in the inventive method include meat firom various aquatic animals and 
Hvestock. Suitable materials include, as the meat of aquatic animals, 
various white and red fish meat from pollock, flatfish, mackerel, sardines, 
etc., meat of Crustacea such as shrimps, krill, etc., meat of moUusks such as 
squid, clams, etc., and meat of whales. Usually, the meat of aquatic animals 
may take the form of a paste or fillets prepared from aquatic animals freshly 
caught or firozen. Suitable Hvestock meat includes the meat of cattle, pigs, 
horses and sheep, and of fowl such as chickens. The Hvestock meat is 
usually used as ground meat. 

The meat may be prepared from one animal alone or two or more 
kinds of animals in combination^ the meat may be prepared from one 
aquatic animal alone or two or more aquatic animals in combination, or from 
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one kind of livestock alone or two or more kinds of livestock in combination, 
or from one or more aquatic animals and one or more kinds of livestock in 
combination. The meat material may be chosen as appropriate depending on 
the desired appUcation or texture of the product. 

To a meat material chosen as above, salt is added, and the mixture is 
ground into a paste. The presence of salt and the kneading action cause 
salt-soluble proteins in the paste to dissolve in hqtiid, and the paste becomes 
a viscid mass. Therefore, the paste becomes so resiHent that, even if it is 
molded into fibers, it can withstand the strain imposed during the molding 
process so that long, continuous fibers can be produced without being broken 
midway. The amount of salt added is in the range of 1 to 10% with respect 
to the weight of the meat material, preferably 2 to 4%. Grinding the mixture 
can be achieved with an apparatus conventionally used in the manufacture 
offish meat paste-based products, such as a silent cutter or mixer equipped 
with a stirrer. 

While the meat mass is salted and kneaded, food additives may be 
added as appropriate. Suitable food additives may include, for example, 
corn starch, wheat flour, starches such as potato starch, synthetic or natural 
seasonings such as monosodium glutamate, spices, flavoring agents, 
pigments or fat, plant proteins, etc. These additives may be used as 
appropriate depending on the desired texture or properties of the product. If 
an oil-rich food product is desired, a plant or animal oil such as salad oil, 
white strained oil or lard may be used. Those food additives may be added 
at an amount up to about 30% with respect to the weight of the meat 
material without seriously affecting the resihency of the meat mass, which 
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must be sufficiently high for the meat mass to be molded into fibers. 

As described above, a meat material prepared from an aquatic animal 
or animals or livestock is treated with salt and then one or more food 
additives as appropriate, and is ground into a paste. The paste is preferably 
milled with a vacuum mixer so that the paste becomes devoid of air bubbles 
and homogenous. Then, the paste is extruded through nozzles having a 
small aperture while being pressurized when needed to produce fibers which 
are then allowed to fall into a hardening solution. The nozzle is made of a 
metal and has, on its tip, a small aperture with an internal diameter of 1 
mm or less, preferably 0.05 to 0.5 mm. The meat paste is extruded via the 
nozzles as fibers which are then allowed to fall into an aqueous solution of a 
protein denaturing agent, that is, into a protein hardening bath. 

In this embodiment, the protein denaturing agent preferably includes 
tannins, nicotinic add and ethyl alcohol. Protein denaturing agents may be 
used alone or in combination. The preferred tannin includes tannic acid, 
and tannin derived firom any natural sources such as persimmon tannin, tea 
tannin, and the like. When tannic acid is used, it is usually used as an 
aqueous solution containing tannic acid at 0,1-20 percent by weight, 
preferably 0.5*5.0 percent by weight. Alternatively, an aqueous solution of 
nicotinic acid containing nicotinic acid at 0.2-10 percent by weight, 
preferably 0.5- 1.5 percent by weight may be used. Or when ethyl alcohol is 
used, an aqueous solution containing ethyl alcohol at 59 percent by weight 
or lower, preferably 10-40 percent by weight may be used. If an aqueous 
solution of a protein denaturing agent has a concentration below the above 
range, molding of the fibers becomes imperfect and the resulting fibers are 



so defective that, when the Qhevs are gathered and bound, their binding will 
not be sufficiently secure, or conversely they will bind to each other so 
strongly that they will exhibit a homogenous, chunky texture like boiled fish 
meat paste, instead of a fibrous texture. On the contrary, if an aqueous 
solution of a protein denaturing agent has a concentration exceeding the 
above range, the fibers undergo excess denaturation and harden so strongly 
that they will not bind to each other and the resulting meat mass will have a 
disagreeable taste and texture. 

Usually, the aqueous solution of a protein denaturing agent is used at 
normal temperature, but it may be heated as needed. Meat fibers extruded 
fi:om the nozzles are immersed in the aqueous solution of a protein 
denaturing agent where proteins on the surface of fibers are rapidly 
denaturated to become hardened, and the fibers are bound to each other. 
This fiber molding is usually completed in one second to three minutes. 
Then, the molded fiber mass is removed. If more hardened fibers are 
required, the duration of fiber immersion in the solution may be lengthened. 
The denaturation or mechanical strength of the fibers can be varied as 
appropriate by adjusting the size of the nozzle aperture and extrusion 
pressure, and, with regard to the aqueous solution of the denaturing agent, 
the kind of denaturing agent, its concentration, temperature of the solution, 
immersion time, etc. can be varied. This may improve the efficiency of the 
later process of gathering and binding the fibers. 

The fibers which have undergone molding and denaturation in the 
aqueous solution of the denaturing agent are then rinsed with water as 
needed, and dried. They are gathered and heated so as to become bound to 
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each other while maintaining their respective fibrous form. Usually, a 
certain number of fibers having a certain length are gathered and bound to 
each other to form a bundle, which is wrapped with an air-permeable film 
such as one made from cellophane, vacuum -packed in a bag made of plastic 
or the Uke, transferred to a metal retainer, or processed into a series of rolls. 
The resulting meat packs containing the fibrous bundles are subjected to 
heating treatment based as appropriate on exposure to hot water or hot 
steam, or to radio waves. The heating treatment causes the fibers to become 
bound to each other without requiring the deliberate use of a binding agent. 

An exemplary muscle-like fibrous food sample obtained by gathering 
and binding fibers as above was cut crosswise and lengthwise with respect to 
the longitudinal axis of the fibers, and the photomicrographs of those cut 
surfaces are shown in Figs. 1 and 2. As seen fi^om the photographs, in the 
food sample obtained by the inventive method, individual constitutive fibers 
retain their respective fibrous form, for each fiber the denaturation of 
proteins on its surface is different from that observed at its center, and 
individual fibers each retaining their fibrous form and properties are bound 
to each other to form bundles which collectively form a meat mass. 
Moreover, since, for each fiber, the denaturation of proteins on its surface is 
different from that observed at its center, the resulting muscle-like meat 
mass comprising such fibers exhibits an image, when observed by microscopy, 
closely resembling that of meat obtained from aquatic animals or livestock. 

The food sample obtained by the inventive method had a fibrous 
texture. Even if the food was obtained from a paste prepared from the meat 
offish such as pollock or mackerel, it had a musde-like fibrillar texture 
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closely resembling that of meat from fish, livestock or crab or scallop, 
instead of a texture characteristic of boiled fish meat paste. According to the 
present invention, gathering of molded fibers may be carried out not only to 
allow fibers uniformly arranged in one direction to be bundled together, but 
also to allow fibers running in midtiple directions to be bundled together. 

As described above, according to the inventive method, meat from 
aquatic animals or livestock is reorganized- such meat is processed into 
fibers which are then gathered and bound to produce a muscle-like fibrous 
food product. The inventive method comprising molding meat proteins into 
fibers and binding the fibers to each other has the following advantages as 
compared with the conventional method. First, prior to fiber molding, salt is 
added to a meat material, which is followed by the addition of an additive or 
additives. The mixture is ground and the resulting paste is extruded 
through nozzles into fibers which are immersed into a hardening bath to 
complete fiber molding. The process is simple and efficient. Since additives 
such as seasonings, pigments, fat, etc., are added at an early stage of the 
process, it is possible to properly adjust the taste and color of the product. 
Loss of and damage to ingredients in the paste during fiber molding hardly 
occur. The addition of salt and additives does not affect the fiber molding. 
Furthermore, the fiber molding does not require a neutralization step, and 
does not necessarily require heating, and thus is economical in terms of 
labor and time. The fiber molding enables the production of thin, resilient 
fibers having a diameter of 1 mm or less. 

According to the inventive method, fibers extruded from nozzles are 
allowed to fall into a hardening bath for protein denaturation, but the 
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duration of fiber immersion in the bath is adjusted such that protein 
denaturation -based hardening is arrested midway so As to facilitate the 
binding of fibers which will occur in a later process. This allows the fibers to 
be bound together in the later process simply by heating without requiring 
the use of a binding agent. This is the most notable feature of this invention. 
The product obtained by the inventive method is fi*ee from an unpleasant 
taste, odor or texture which might arise if a binding agent were used, and 
never fails to exhibit a texture closely resembling that of animal meat. The 
denaturation of fibers, and mechanical strength and texture of the fiber 
mass can be varied as appropriate by adjusting, with regard to the aqueous 
solution of the denaturing agent, the kind of denaturing agent, its 
concentration and temperature, immersion time, etc., and the nozzle 
aperture and extrusion pressure, which determine the size of the fibers. 
This may improve the efficiency of the later process for gathering and 
binding the fibers. It is further possible to adjust the texture, flavor and 
properties of products closer to desired levels and qualities, by choosing 
materials and additives as appropriate, and by adjusting their blending 
ratios. The fiber molding step and the gathering/binding step may be 
connected continuously. 

As seen from above, according to the present invention, it is possible to 
efficiently produce, using a material comprising animal proteins, a muscle- 
hke fibrous product having such excellent quality as to exceed any 
expectation derived from the texture of the original proteins, by processing 
the proteins into fibers and gathering and binding the fibers together. The 
present invention will be highly advantageous when applied to industry. 



Examples produced by the inventive method will be described below. 
Example 1 

To 100 kg of sliced pollock meat, 2 kg of salt and 1 kg of a seasoning 
were added, and the mixture was homogenized with a silent cutter to 
produce a paste. The paste was extruded under pressure through multiple 
glass nozzles having a diameter of 0.4 mm into fibers which were allowed to 
fall into a bath filled with a 2% aqueous solution of tannic acid. The fibers 
were allowed to move in the bath for 30 seconds, and taken up by a spinning 
roller to be wound round on its surface where they were gathered and 
bundled. The fibers, being gently pressed between rollers, were heated for 
10 minutes by being exposed to hot steam in a steam box. Thus, a musde- 
like fibrous meat mass weighing 101 kg having a diameter of 10 mm was 
obtained. The meat mass was cut at 8 cm intervsds to produce meat rods. 
The meat rod was used as a test sample. The test sample was compared 
with a commercially available crab-meat rod (made of boiled fish meat paste) 
(comparative sample) by means of a yes-or-no preference test (each tester 
never failed to choose either of the two samples according to his/her 
preference, and the results were summed for each sample, and the two 
results were compared). The results are shown in Table 1. The test sample 
was chosen by testers more significantly positively. 

Table 1 





Testers in favor of 


Comparative sample 


1 


Test sample 


19 
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Example 2 

Four mixtures having compositions as shown in Table 2 below were 
homogenized with a silent cutter, and the homogenates were agitated with a 
vacuum-mixer to remove air bubbles from them. Thus, four salted meat 
pastes were obtained. 



Table 2 Composition of materials 





A 


B 


C 


D 


Ground pollock meat 


40 


70 




60 


Fillets of mackerel 


30 


26 






Ground pork 






40 




Ground mutton 






50 


30 


Isolated soybean protein 


10 






3 


Com starch 


3 






3 


Soybean oil 


14 




6 




Food dye 


0.5 


0.7 




0.5 


Seasoning 


0.5 


0.5 


0.5 


0.9 


Salt 


2.0 


2.8 


3.5 


2.6 



The four pastes were extruded through nozzles having a diameter of 
0.5 mm into fibers which were then allowed to fall into baths filled with 
different protein hardening solutions as shown in Table 3. The fibers were 
removed from the bath after a two-minute immersion, rinsed lightly with 
water, removed of moisture, and divided into 50 g masses, each of which was 
packed in a bag made of a vinyUdene chloride film. The pack was heated by 
being immersed for 20 minutes in boihng water so that fibers in the pack 
became bound to each other to form a block-like mass. For each meat pack, 
the binding of individual fibers and texture of the meat block were examined 
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and evaluated, and the results were as shown in Table 3. 

Table 3 



Protein denaturing solution 


Binding of fibers 


Texture 


Solute 


Concentration 


A B C D 


A B C D 


Tannic acid 


1 


Fibers were bound together 
remaining fibrous-texture in 
all samples 


All resemble 
livestock meat 


Nicotinic 
acid 


I 


The same as the above 


The same as 
the above 


Ethyl 
alcohol 


15 


The same as the above 


All resemble 
crab-meat or 
scallops 


Control 
(water) 




No fibrous-texture and 
fibers completely bound to 
each other in all samples 


All resemble 
boiled fish 
meat paste. 



As seen fi:om Table 3, when tannic acid, nicotinic acid or ethyl alcohol was 
used as a protein denaturing agent, a fibrous block-like meat mass was 
obtained regardless of which one among the four salted meat pastes was 
used as a material. The meat masses prepared from the four salted meat 
pastes were all tasty and flavorful. 
Example 3 

A seasoning and salt were added to the fillets of pollock at 2% and 3%, 
respectively, and the mixture was homogenized in a vacuum-chamber 
equipped with a silent cutter to remove air bubbles. This salted meat paste 
was extruded through a plate having, on its surface, 200 apertures with a 
diameter of 0.5 mm, into fibers which were allowed to fall into a bath filled 
with a 20% aqueous solution of ethanol. The fibers were removed from the 
bath after a two-minute immersion, to be wound round a spinning roller. 
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Then, the fibers were rinsed with water, removed of moisture, the thus 
obtained fiber bundles were wrapped with cellophane film, and the resulting 
pack was steam-heated at OS^'C for 10 minutes. The pack contained a meat 
mass comprising fiber bundles in which the fibers were Hghtly bound to each 
other, and had an agreeable texture resembling that of the eyes of scallops. 
Example 4 

To 10 kg of sliced pollock meat and 5 kg of fillets of mackerel, 400 g of 
salt, 200 g of a seasoning, and 1 g of a food dye were added, and the mixture 
was homogenized with a silent cutter, then the paste was passed through a 
strainer to remove cartilage and the like. The resulting paste was 
homogenized in a vacuum-mixer to remove air bubbles. This salted meat 
paste was extruded through a plate having, on its surface, 200 apertures 
with a diameter of 0.3 mm, into fibers which were allowed to fall into a bath 
filled with a 0.5% aqueous solution of tannic acid (30**C). The fibers were 
allowed to move in the solution, and taken up as a continuous fiber bundle. 
The fibers were allowed to stay in the solution for one minute. The fibers, 
after being removed of moisture, were wrapped in polyethylene film, and the 
resulting pack was steam -heated for 30 minutes. Packs weighing 15.2 kg in 
total were obtained, each of which contained a meat mass comprising fibers 
nearly completely bound to each other 

The meat mass had a structure like that of a muscle composed of fiber 
bundles, and closely resembled livestock meat in appearance and texture. A 
meat mass thus obtained was cut crosswise and lengthwise with respect to 
the longitudinal axis of the fibers, and the cut surfaces were photographed 
with a microscope, as shown in Figs. 1 and 2. Inspection of the 
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photomicrographs also showed that the meat mass has a texture closely 
resembling that of Uvestock meat. 
Example 5 

To 10 kg of ground pork, 150 g of salt, 222 g of a seasoning, 10 g of a 
flavoring agent, and 200 g of starch were added, and the mixture was 
homogenized with a silent cutter to produce a paste. The paste was 
extruded through a metal nozzle having, on its end surface, multiple 
apertures having a diameter of 0.3 mm into fibers which were then allowed 
to fall into a bath filled with a mixture comprising a 1% aqueous solution of 
tannic acid and 0.5% aqueous solution of nicotinic acid. The fibers were 
removed from the bath after a five-minute immersion, rinsed lightly with 
water, and cut at regular intervals with a chopper to provide short fibers of 
about 1 cm in length. The fibers were transferred to a rectangular retainer 
having a volume of 3 x 60 x 60 cm, and steam-heated in a steam box for 30 
minutes. A block like fibrillar meat mass weighing 10 kg was obtained in 
which disorderly arranged short fibers were packed and bound to each other. 

The meat mass was cut with a slicer into slices each having a volume 
of 1 x 3 X 5 cm. The slices were coated with butter and breadcrumbs, and 
fided. The resulting cooked slices were equivalent in texture and taste to 
cutlets prepared firom pork. 

Brief Description of the Drawings. 

Fig. 1 is a photomicrograph (30 times magnification) of a cross section 
of a muscle-like fibrous meat product prepared as in Example 4 and cut 
vertical to the long axis of the fibers. Fig. 2 is a photomicrograph (15 times 



- 16 - 



magnification) of a cross-section of the same meat product cut in parallel 
with the long axis of the fibers. 

Agent of the appHcant- Kiyoshi Inomata 



